In the spring of 2009, a novel H1N1 swine-origin influenza virus (SOIV) originated from North America and rapidly spread to other countries. On June 11, 2009, the World Health Organization (WHO) raised the worldwide flu pandemic alert to phase 6, characterized by community level outbreaks in at least 1 other country in a different WHO region.[@bib1] Although the mortality and morbidity of H1N1 SOIV were lower than those of the 1918 pandemic flu, the rapid spread of H1N1 SOIV still raised concerns for preparedness of health care systems.[@bib2]

The 2009 H1N1 SOIV epidemic was the first opportunity to examine the preparedness plans of health care systems in the 21st century.[@bib2], [@bib3] After the 2003 severe acute respiratory syndrome (SARS) epidemic, many hospitals set up protocols for contagious airborne diseases of high virulence.[@bib4] Most of these protocols focused on infection control measures for health care systems, but few considered an abruptly increased hospital and emergency department (ED) censuses during a pandemic period. Experiences of the SARS outbreak indicated that treating abrupt increases in contagious ambulatory patients in an independent area could alleviate ED crowding and avoid transmissions of nosocomial infections within the ED and other hospital areas.[@bib4], [@bib5], [@bib6] Therefore, a rapid flu clinic service (RFCS) was set up at our nearby hospital ED for 2009 H1N1 SOIV infections after it spread in the community. The protocols, based on experiences from the 2003 SARS epidemic and recommendations from the Center for Disease Control (CDC; Taiwan) and the Bureau of National Health Insurance (NHI) in Taiwan, included adequate health care workers and facilities, an independent area to treat patients, and relevant educational information for family and patients.[@bib7] The aim of this study was to examine the effects of the protocols for an abruptly increased hospital census on the ED during a pandemic period and analyze the responses from patients who went to our RFCS.

Materials and methods {#sec1}
=====================

A single-center observational clinical study was conducted from August 2009 to October 2009. The first case of H1N1 SOIV was reported in Taiwan in April 2009. Taiwanese hospitals and health care workers started a series of infection control measures to prevent hospital-acquired infection. The Taiwanese Department of Health, collaborating with the CDC and the Bureau of NHI, suggested rapid influenza diagnostic tests (RIDTs) as a preliminary diagnostic measure. Patients with positive RIDTs were eligible for a free 5-day dose of antiviral agent oseltamivir. Hospitals were encouraged to set up flu clinics to reduce social interactions between patients with influenza-like illness and other patients, especially from immunocompromised patients.[@bib7]

Our hospital is a tertiary hospital located in southern Taiwan, equipped with 1,000 total beds, 100 of which are intensive care unit (ICU) beds. The annual census of the ED was approximately 750,000. The mean length of stay (LOS) at the ED during 2008 was 5.6 hours. The LOS for patients who left after ED management (ie, those who were not admitted after the ED visit) was 3.4 hours. To shorten the unnecessary LOS for flu patients and to follow the national policy, we established the RFCS to provide influenza tests and counseling for the H1N1 SOIV in August 2009.

RFCS at our hospital {#sec1.1}
--------------------

From August 2009 to December 2009, patients with influenza-like illnesses were centralized to the RFCS, an independent building with 1 negative-pressure isolation room near the ED, which was built after the 2003 SARS epidemic and was planned to treat large numbers of ambulatory patients with airborne contagious diseases during outbreaks ([Fig 1](#fig1){ref-type="fig"} ). Ambulatory patients could stay in the RFCS and have their history taken and undergo physical examination, sputum induction, and nasopharyngeal or throat swab and receive oseltamivir treatment if indicated. Usually, the RFCS ran 24 hours per day and was staffed with 1 physician and 2 nurses. During day shifts (09:00-18:00), the RFCS was staffed with rotating physicians from all clinical departments. During night shifts, emergency physicians (EP) took over the work. Additional physicians were called to the RFCS from the department of internal medicine when the ED was overcrowded, and EPs could be freed from their clinical duties to manage ED patients.Fig 1Design of the working area for the rapid flu clinic service (RFCS) during the 2009 pandemic flu season.

Each non-ED physician took a 3-hour shift evaluating patients who presented with influenza-like illness. A 3-page medical sheet, including basic demographic information, underlying diseases, possible modes of transmission, travel history, physical examination, and past history of flu vaccination, was used.

Following the recommendations from the NHI and the CDC of Taiwan,[@bib7] throat swabs for rapid influenza tests and/or viral cultures were performed by duty physicians. Samples from possible cases with cluster infection were sent for reverse-transcription polymerase chain reaction (RT-PCR) at the same time. Additional viral cultures were sent to the laboratory based on clinical judgments. After the history and physical examination, patients with negative RIDTs, or patients who did not have influenza-like symptoms, were asked to wear surgical masks and transferred to main ED for further evaluation and treatment. Patients with more severe symptoms such as persistent cough, high fever, dyspnea, or unstable vital signs were admitted to the ward or were sent to another independent isolation room of the ED if ward beds were unavailable.

The results of the RIDT and RT-PCR were obtained within 60 minutes and within 1 day, respectively. If their symptoms were stable, patients were discharged from the ED but were asked to leave contact phone numbers. If the RIDT or RT-PCR were positive, patients were called to return the hospital to receive the oseltamivir prescription, instructions for taking oseltamivir, health education information, and sheets for personal care and household contacts.

Laboratory tests for influenza {#sec1.2}
------------------------------

A sterile cotton swab was used to collect throat cultures from patients with influenza-like illness. The swabs were kept in transport medium and sent to the central virology laboratory for RIDT and RT-PCR testing, described below.

### RIDT {#sec1.2.1}

Influenza antigens were detected using the Binax-NOW Influenza A & B Test (Inverness Medical, Scarborough, ME), a commercial, qualitative, visual-read kit, as previously described.[@bib8] Briefly, the cotton swabs were eluted with 0.5 to 3.0 mL transport media by vigorously rotating the swab to get a liquid sample. A liquid sample of 100 μL was required for each test. The test device was read after 15 minutes of incubation at room temperature. A positive test result was indicated by a pink to purple test line and a pink to purple control line on a white background. A negative test result was indicated by a pink control line only. The overall sensitivity and specificity versus virus culture are 83% (95% confidence interval \[CI\]: 73%-90%) and 93% (95% CI: 88%-96%), respectively, according to the manufacturer.

### Real-time RT-PCR for pandemic H1N1 2009 {#sec1.2.2}

Two pandemic 2009 H1N1 viral genes (common matrix protein 2 gene M2 for influenza A and hemagglutinin gene H1 specific for SOIV) were detected with 1-step RT-PCR. Using the RealTime ready Influenza A/H1N1 Detection Set and the RealTime ready RNA Virus Master on the LightCycler 480 System (Roche Diagnostics GmbH, Mannheim, Germany), test results were reported as negative (M2\[−\], H1 \[−\]), positive for influenza A (M2\[+\], H1\[−\]) or positive for 2009 H1N1 pandemic influenza (M2\[+\], H1 \[+\]).

Data were collected from patients who presented with influenza-like illness, including symptoms such as fever, cough, and malaise. The study period was from August 1 to December 31, 2009.

Patients with flu were confirmed by positive results from the RIDT, influenza viral cultures, or influenza RT-PCR tests. Fever over 38°C (100.4°F) measured at triage was defined as tympanic temperature. Underlying diseases included for consideration were diabetes mellitus, hypertension, coronary artery disease, heart failure, asthma, chronic obstructive pulmonary disease, cancer, hematologic malignancies, and history of treatment with immunosuppressant agents.

Clinical characteristics for influenza-like illness {#sec1.3}
---------------------------------------------------

The primary end point for this study was information regarding clinical symptoms, underlying diseases, and possible influenza exposure history obtained from the patients with influenza-like illness through the 3-page rapid influenza illness medical records from those patients enrolled in this study. The results of influenza laboratory tests and LOS at the ED were subsequently collected from information systems of the hospital.

Satisfaction questionnaires from patients taking oseltamivir {#sec1.4}
------------------------------------------------------------

Those patients who were prescribed oseltamivir received telephone interviews after RFCS visits because previous studies noted severe neuropsychiatric adverse effects after oseltamivir, especially in Asian children. The interview included 7 questions regarding the efficacy and possible adverse effects of the oseltamivir treatment, health education information related to H1N1 SOIV, and satisfaction with the RFCS. Interviews with patients aged less than 18 years were assisted by parents. All data collection and analysis were approved by the Institutional Review Board of the hospital.

Statistical analysis {#sec1.5}
--------------------

Proportions were calculated from categorical data. The proportions were compared using the χ^2^ test or Fisher exact test. Logistic regression modeling with backward elimination was used for multivariate analysis and was used to calculate odds ratios (ORs) with 95% CIs. All tests of significance were 2-tailed, and a *P* value of .05 or less was considered to be statistically significant. Data were analyzed by a commercially available software package (SAS, version 9.13, Cary, NC).

Results {#sec2}
=======

Rapid flu clinical services {#sec2.1}
---------------------------

From August 2009 to October 2009, 33,868 patients visited our ED for nontraumatic problems. Patients who visited the ED with influenza-like illness during the 3-month period are illustrated in [Figure 2](#fig2){ref-type="fig"} according to age groups. Of the 6,152 patients receiving influenza tests such as RIDTs, viral cultures, and the RT-PCR test, 3,326 (54%) were male. Most of the patients were young; 1,863 (30%) were less than 10 years of age; 1,719 (28%) were between the ages of 10 and 20 years; 1,055 (17%) were between 20 and 30 years of age.Fig 2Patients who visited the emergency department with influenza-like illness by age group, from August 2009 to December 2009.

RFCS shortened the waiting time at the ED. The LOS for the RFCS, the LOS to the regular preregistered ambulatory services, and the LOS for nontraumatic patients who left after ED management were 50 minutes, 1 hour, and 3.5 hours during the study period, respectively. Non-ED physicians who were responsible for the RFCS only had an additional 6 hours of service per month. Patients with influenza-like illness symptoms were isolated from ambulatory clinic services, where immunocompromised, multicomorbidity, and elderly patients stayed for management.

Presentations at RFCS {#sec2.2}
---------------------

Of the 6,152 patients undergoing RIDTs, 1,235 cases (20%) were positive. Demographic and clinical characteristics of the 6152 patients with influenza-like illness who visited our RFCS during the study period are summarized in [Table 1](#tbl1){ref-type="table"} . By univariate analysis, fever (OR, 4.28; 95% CI: 3.11-5.89), fever combined with cough and sore throat (OR, 2.52; 95% CI: 2.18-2.92), fever combined with sore throat (OR, 2.42; 95% CI: 2.13-2.75), history of contacting flu-positive individuals within 7 days (OR, 2.40; 95% CI: 2.07-2.78), fever combined with cough (OR, 2.19; 95% CI: 1.92-2.47), sore throat (OR, 2.03; 95% CI: 1.79-2.30), and cough (OR, 1.91; 95% CI: 1.69-2.17) were significantly associated with a positive influenza test. The logistic regression with backward elimination revealed fever (OR, 4.52; 95% CI: 3.27-6.24), history of contact with flu-positive individuals within 7 days (OR, 2.19; 95% CI: 1.88-2.55), sore throat (OR, 1.93; 95% CI: 1.70-2.19), and cough (OR, 1.76; 95% CI: 1.55-2.00) were significantly associated with a positive influenza test.Table 1Demographic and clinical characteristics of 6,152 patients who visited the ED because of influenza-like illness during the pandemic flu seasonCases, n (%)CharacteristicsFlu positive 1,235 (20)Flu negative 4,917 (80)All cases 6,152 (100)Odd ratio (95% confidence interval)*P* valuesMale-to-female ratio1.36:11.13:11.12:11.2012 (1.06-1.36).0047Fever1,193 (97)4,273 (87)5,466 (89)4.28 (3.11-5.89)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Cough657 (53)1,834 (37)2,491 (41)1.91 (1.69-2.17)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Sore throat697 (56)1,917 (39)2,614 (42)2.03 (1.79-2.30)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Malaise246 (20)918 (19)1,164 (19)1.08 (0.93-1.27).3194Fever and sore throat673 (54)1,628 (33)2,301 (37)2.42 (2.13-2.75)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Fever and cough637 (52)1,613 (33)2,250 (37)2.19 (1.92-2.48)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Fever and cough and sore throat352 (29)671 (14)1,023 (17)2.52 (2.18-2.92)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Health professionals10 (0.81)62 (1)72 (1)0.63 (0.33-1.25).1875Contacted flu--positive case within 7 days352 (29)701 (14)1,053 (17)2.40 (2.07-2.78)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}Flu vaccine last year37 (3)176 (4)213 (3)0.83 (0.58-1.19).3161Underlying diseases146 (12)1,229 (25)1,375 (22)0.40 (0.33-0.48)\<.001[∗](#tbl1fnlowast){ref-type="table-fn"}[^1]

Patients' satisfactions with RFCS {#sec2.3}
---------------------------------

Of the 1,235 cases of a positive influenza test, 300 patients were contacted by telephone survey for follow-up on their RFCS visit. Of the 111 patients who responded to interviews, 62 (56%) were less than 20 years of age. Most of the patients (96, 86%) followed instructions for taking oseltamivir and completed the 5-day treatment course. After treatment, most of the patients reported relief of flu symptoms (within 2 days \[60 (49%)\] and within 4 days \[99 (90%)\], respectively). The most common adverse effects after taking oseltamivir included dizziness (18, 16%), nausea (10, 9%), vomiting (9, 8%), and dyspnea (8, 7%). Overall, 88% were satisfied with the RFCS.

Discussion {#sec3}
==========

Setting up RFCSs was beneficial to health care facilities during pandemic flu seasons, efficiently separating airborne communicable patients from ambulatory patients and inpatients to avoid possible nosocomial transmissions at the ED. The mean LOS at the hospital was shorter, few additional clinical loading shifts were incurred by physicians, and most of the positive influenza patients were satisfied with their visits to the RFCSs.

Treating contagious ambulatory patients in an isolated area separated them from the regular ED or hospital services to avoid transmissions of nosocomial infections during outbreak periods.[@bib4], [@bib6], [@bib9] During the 2003 SARS outbreak, an ED was closed because of nosocomial infection at the overcrowded space.[@bib4], [@bib5], [@bib6] Overwhelming of health care systems because of heavy clinical burdens and high censuses at health care facilities was observed for the 2009 H1N1 pandemic flu in the southern hemisphere.[@bib10], [@bib11], [@bib12], [@bib13] High-volume ambulatory influenza-like illness patients visited the ambulatory clinic and ED of hospitals after August 2009 since the first H1N1 SOIV cases were identified in Taiwan as well.[@bib14] The mean LOS of the RFCS at our ED was 50 minutes, which was shorter than the mean LOS at the ambulatory clinic or ED. The National Emergency Department Overcrowding Scale (NEDOCS) was used to further assess our ED during August to November 2009. The NEDOCS is a tool developed in the United States that uses a linear regression model using 5 variables and 6 items including total patients, total admissions, the longest admissions, hospital beds, ventilators, and last bed time at the hospital to quantify emergency department and hospital crowding. Scores over 100 were regarded as overcrowded.[@bib15] During the study period, our ED frequently reached the highest overcrowding level of dangerous or disaster level (NEDOCS \> 180). However, no nosocomial outbreaks or health care worker cluster infections occurred at the ED in our study.

Young patients made up the largest population of visitors the RFCS. Many studies indicated that school age children were more susceptible to infection by H1N1 SOIV.[@bib2], [@bib3], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20] The virus surveillance data from laboratories of the CDC of Taiwan indicated that H1N1 SOIV was isolated from 80% of flu cases from August 2009 to December 2009 in Taiwan.[@bib21] Based on the epidemiologic data from the CDC of Taiwan, although most of the patients at our hospital were tested with the RIDT only as recommended, we could still infer that patients having positive RIDTs were infected by H1N1 SOIV, and children or previously healthy individuals were more vulnerable to influenza like-illness or infection.

Symptoms in influenza-positive patients in our study were not significantly different from those in patients with previous seasonal flu strains. Previous studies reported fever, cough, malaise, or sore throat as the most common symptoms of seasonal flu.[@bib3] In our study, fever, cough, and/or sore throat and close contact with flu-positive individuals within 7 days were important risk factors for positive influenza tests during the 2009 pandemic flu season.

The administration of oseltamivir seemed beneficial to adults and children. Most of our patients who took oseltamivir found their flu symptoms relieved within 4 days and thought that oseltamivir was helpful. Previous studies reported that oseltamivir might have adverse effects such as dizziness or nausea.[@bib22], [@bib23], [@bib24] Studies in Japan suggested that children who took oseltamivir might have higher possibilities of delirium or abnormal behaviors.[@bib23], [@bib25], [@bib26], [@bib27] In our study, no neuropsychiatric adverse effects were reported during interviews.

The major limitations for our study included wide variations of sensitivity (83%, 95% CI: 73%-90% by the manufacturer) for RIDTs, skill varieties for RIDT administrations among physicians, limited coverage for telephone interviews, and cooperation between physicians and patients during sampling.[@bib28], [@bib29], [@bib30] Under these circumstances, the number of influenza cases could be underestimated. Furthermore, our telephone interviews only covered positive influenza cases; the lack of interviews for negative influenza cases limited the reliability of our RFCS satisfaction surveys. The lack of patients with neuropsychiatric adverse effects in our study is probably due to the low response rate for questionnaires. During our study period, no obvious neuropsychiatric adverse effects were reported to our hospital's drug adverse effect system nor were they reported from phone interviews (even though nearly 56% of cases enrolled in this study were young patients). Many patients did not answer their phones after ED visits, even though those patients provided telephone numbers to receive notifications of their influenza test results. Those patients who answered our phone survey might only reflect part of the status results from oseltamivir administration. Whether or not oseltamivir only causes neuropsychiatric adverse effects in the Japanese population still needs further studies.

In conclusion, RFCSs may be helpful for high-volume medical services during pandemic flu seasons or airborne disease outbreaks. Hospitals or EDs may adapt them as part of preparedness plans for high-volume medical demand situations during pandemic flu seasons.
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